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(57) ABSTRACT 
This invention implements a fast lossless transform almost 
free from a delay With a small calculation amount. The loss 
less transform can be used to perform lossless coding and 
lossy coding quickly. A ?rst calculation unit multiplies data 
D0, D1, D2, and D3 input to the input terminals by respective 
Weighting coef?cients {a0, a1, a2, a3} of{1/2, —1/2, —1/2, —1/2}, 
and summates the products. A rounding unit in the ?rst cal 
culation unit rounds the sum into an integer and outputs the 
integer value E. A second calculation unit multiplies the value 
E by Weighting coef?cients {b0, b1, b2, b3} of {-1, 1, 1, 1} 
set for the respective input data, and adds the products to the 
respective input data. This invention sets, for the relationship 
betWeen the ?rst and second Weighting coe?icients, a condi 
tion that a0*b0+a1*b1+a2*b2+a3*b3:—2 or 0. 

5 Claims, 10 Drawing Sheets 
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EXAMPLE OF TRANSFORMED DATA IN FIG. 3 

|NPUT DATA 7 9 2 5 

OUTPUT FROM 11 
F|RST CALCULATION UN|T 

TRANSFORM RESULT -4 -2 -9 —6 

|NPUT DATA IN _4 _2 _9 _6 
|NvERSE TRANSFORM 

OUTPUT FROM _11 
F|RST CALCULATION UN|T 

|NvERSE TRANSFORM RESULT 7 9 2 5 

EXAMPLE OF TRANSFORMED DATA IN FIG. 4 

|NPUT DATA 7 9 2 5 

OUTPUT FROM 23 
F|RST CALCULATION UN|T 

TRANSFORM RESULT -4 -3 -10 —6 

|NPUT DATA IN 
|NvERSE TRANSFORM '4 '3 '10 '6 

OUTPUT FROM _23 
F|RST CALCULATION UN|T 

|NvERSE TRANSFORM RESULT 7 9 2 5 
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EXAMPLE OF TRANSFORMED DATA IN FIG. 9 

INPUT DATA 3 9 2 5 

OUTPUT FROM 2 
FIRST CALCULATION UNIT 

TRANSFORM RESULT 7 1 0 1 

INPUT DATA IN 7 1 O 1 
INvERSE TRANSFORM 

OUTPUT FROM _2 
FIRST CALCULATION UNIT 

INvERSE TRANSFORM RESULT 3 9 2 5 

EXAMPLE OF TRANSFORMED DATA IN FIG. 10 

INPUT DATA 3 9 s 6 

OUTPUT FROM 6 
FIRST CALCULATION UNIT 

TRANSFORM RESULT 9 -3 0 0 

INPUT DATA IN 9 _3 0 O 
INvERSE TRANSFORM 

OUTPUT FROM _6 
FIRST OALOULATION UNIT 

INvERSE TRANSFORM RESULT s 9 s 6 
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DATA TRANSFORMING APPARATUS AND 
CONTROL METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a data transforming tech 

nique capable of lossless transformation of nth-order integer 
data into nth-order integer data in a lossless orthogonal trans 
form essential for transforming image data of each block and 
processing lossless coding and lossy coding by a uni?ed 
scheme, in order to particularly implement various kinds of 
lossless rotational transforms Which form the lossless 
orthogonal transform. 

2. Description of the Related Art 
An image, especially a multi-valued image, includes many 

pieces of information, and requires a huge memory capacity 
for storage and a lot of time for transmission. The storage and 
transmission of an image uses high-e?iciency coding to 
reduce the amount of data by removing redundancy of the 
image or changing its contents to a level at Which the dete 
rioration of image quality is visually unrecognizable. 

For example, JPEG, Which is recommended by ISO and 
ITU-T as an international standard coding scheme for still 
images, transforms image data of eachblock (8x8 pixels) into 
a DCT coef?cient by executing a discrete cosine transform 
(DCT). J PEG quantiZes each coef?cient and entropy-encodes 
the quantized coef?cient, compressing the image data. Other 
compression techniques using the DCT are H.261 and 
MPEG-l/ 2/ 4 in addition to JPEG. 

In the JPEG standard, lossless coding Was also standard 
ized to make a compressed/decompressed image completely 
match an original image. In those days, studies of lossless 
transform techniques did not make remarkable progress, and 
a lossless transform using the DCT could not be imple 
mented. Lossless coding Was therefore performed not by 
block transform coding using the DCT but by predictive 
coding of each pixel. 

Later, an international standard (JPEG-LS) dedicated to 
lossless coding of still images Was established. HoWever, in 
this standard lossless transform technique Was not used. The 
JPEG 2000 using a lossless Wavelet transform for lossless 
image coding became an international standard later on. The 
lossless Wavelet transform is a lossless transform from an 
integer data set to an integer data set. Coding using a lossless 
transform can literally achieve lossless coding unless the 
transmission coef?cient is quantiZed. The intervention of 
quantization processing enables lossy coding. That is, this 
coding can seamlessly perform lossless coding and lossy 
coding by the same transform scheme. With this advantage, 
coding using the lossless transform is adopted even in JPEG 
XR, Which is noW being internationally standardiZed. 
One conventional technique for achieving a lossless trans 

form uses ladder calculations (lifting calculations). A typical 
example of this method is described in Shinji Fukuma, Koichi 
Ohyama, Masahiro IWahashi, and Noriyoshi Kambayashi, 
“Lossless 8-Point Fast Discrete Cosine Transform Using 
Lossless Hadamard Transform”, IEICE technical report, 
IE99-65, pp. 37-44, October 1999. In this reference, the loss 
less transform is implemented by complicated procedures of 
decomposing a transform matrix into triangular matrices and 
replacing them With ladder calculations. Therefore, this 
arrangement is complex and requires a large amount of cal 
culation processing. 

Japanese Patent Laid-Open No. 2003-258645 discloses a 
lossless transform method limited to the Hadamard trans 
form. The method disclosed in this reference rounds up the 
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2 
fractional parts of an odd number of data and rounds doWn 
those of another odd number of data for transform coef?cients 
of fractional data obtained by a linear Hadamard transform. 
This reference has a feature in the rounding method, and does 
not devise to reduce calculations of the linear Hadamard 
transform or decrease the amount of processing necessary for 
round processing. 
As described above, conventional lossless transform tech 

niques need to perform redundant processing by ladder cal 
culations in order to attain reversibility. This obstructs high 
speed lossless coding and lossy coding using a lossless 
transform. 

SUMMARY OF THE INVENTION 

The present invention has been made to overcome the 
conventional draWbacks. The invention provides a technique 
of performing a lossless transform more quickly. The inven 
tion also provides a technique of performing the lossless 
Hadamard Transform using small circuit. 

To solve the conventional problems, the present invention 
in its ?rst aspect provides a data transforming apparatus 
including input terminals for inputting a plurality of input 
data and output terminals for outputting a plurality of trans 
form results, the apparatus comprising: 

a ?rst calculation unit Which multiplies data input to the 
input terminals by ?rst Weighting coef?cients set for the 
respective input data and summates Weighted data; 

a second calculation unit Which multiplies calculation 
results obtained from the ?rst calculation unit by second 
Weighting coef?cients set for the respective input data and 
adds products to the respective input data; and 

a rounding unit Which is arranged in at least one of the ?rst 
calculation unit and the second calculation unit that multi 
plies non-integer Weighting coe?icients, and rounds non 
integer calculation results into integers, 

Wherein a sum of products of ?rst Weighting coef?cient and 
second Weighting coef?cient for respective input data takes 
either of 0 or —2. 
The present invention in its second aspect provides a 

method of controlling a data transforming apparatus Which 
generates a plurality of transformed data from a plurality of 
input data and outputs the transformed data, the method com 
prising: 

a ?rst calculation step of causing a ?rst calculation unit to 
multiply the input data by ?rst Weighting coef?cients set for 
the respective input data and summate Weighted data; 

a second calculation step of causing a second calculation 
unit to multiply calculation results obtained in the ?rst calcu 
lation step by second Weighting coef?cients set for the respec 
tive input data and add products to the respective input data; 
and 

a rounding step of causing a rounding unit to round non 
integer calculation results into integers in at least one of the 
?rst calculation step and the second calculation step in Which 
non-integer Weighting coef?cients are multiplied, 

Wherein a sum of products of ?rst Weighting coef?cient and 
second Weighting coef?cient for respective input data takes 
either of 0 or —2. 
The present invention can implement a fast lossless trans 

form that is almost free from delay With a small amount of 
calculation. The lossless transform can perform lossless cod 
ing and lossy coding quickly. In particular, both softWare and 
hardWare processes can execute a calculation capable of 
implementing a fast lossless Hadamard transform by the 
same description. This alloWs development of softWare and 
hardWare together. 
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Especially, when the con?guration of lossless Hadamard 
Transform shown in FIG. 7 is implemented to a hardware 
circuit, the siZe of the circuit can be smaller than conventional 
other circuits and the circuit needs little electricity to work. 
This means that it is useful for a industrial product compress 
ing data. 

Further features of the present invention will become 
apparent from the following description of exemplary 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a basic data transforming apparatus 
for a lossless transform in the present invention; 

FIG. 2 is a diagram for explaining reversibility when the 
determinant of matrix is —1; 

FIG. 3 is a diagram of a data transforming apparatus 
according to the ?rst embodiment; 

FIG. 4 is a diagram of another data transforming apparatus 
according to the ?rst embodiment; 

FIGS. 5A and 5B are tables showing examples of concrete 
transformed data in the ?rst embodiment; 

FIG. 6 is a diagram of a data transforming apparatus 
according to an application example of the ?rst embodiment; 

FIG. 7 is a diagram of a data transforming apparatus 
according to the second embodiment; 

FIG. 8 is a diagram of another data transforming apparatus 
according to the second embodiment; 

FIG. 9 is a diagram of a data transforming apparatus 
according to the third embodiment; 

FIG. 10 is a diagram of another data transforming appara 
tus according to the third embodiment; 

FIGS. 11A and 11B are tables showing examples of con 
crete transformed data according to the third embodiment; 

FIG. 12 is a circuit diagram showing two lifting calcula 
tions; 

FIG. 13 is a diagram of a data transforming apparatus 
according to the fourth embodiment; 

FIG. 14 is a diagram of a data transforming apparatus 
according to the ?fth embodiment; and 

FIG. 15 is a diagram of a data transforming apparatus 
which performs inverse transform processing in correspon 
dence with FIG. 14. 

DESCRIPTION OF THE EMBODIMENTS 

In the following embodiments, a lossless transform based 
on an arrangement shown in FIG. 1 will be explained. First, a 
transform implemented by the arrangement of FIG. 1 will be 
described in detail. 

The apparatus in FIG. 1 includes a ?rst calculation unit 111 
and second calculation unit 112. The ?rst calculation unit 111 
multiplies four data D0, D1, D2, and D3 input from input 
terminals 101, 102, 103, and 104 by weighting coef?cients 
a0, a1, a2, and a3. The ?rst calculation unit 111 summates 
(calculates the sum of) the weighted data, generating and 
outputting a sum E: 

The second calculation unit 112 multiplies the sum E by 
second weighting coef?cients b0, b1, b2, and b3 set for the 
respective input data. The second calculation unit 112 adds 
the products to the input data D0, D1, D2, and D3, i.e., 
calculates D0+b0*E, D1+b1*E, D2+b2*E, and D3+b3*E. 
The second calculation unit 112 then outputs the sums from 
output terminals 121 to 124. 
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4 
The transform matrix of this transform can be expressed as 

A determinant T of matrix (1) is 

An inverse transform matrix of matrix (1) is 

In lossless transform coding, the value of the determinant T of 
the matrix needs to be —1 or +1 to prevent addition of redun 
dancy or degeneracy of information upon transform. 
To set the value of the determinant T of matrix to —1, a0*b0+ 
a1*b1+a2*b2+a3*b3:—2 must hold. 
To set the value of the determinant T of matrix to +1, a0*b0+ 
a1*b1+a2*b2+a3*b3:0 must hold. 
These setting conditions are imposed on the weighting coef 
?cients of the ?rst calculation unit 111 and second calculation 
unit 112. 

Inverse transform matrices for the determinant T of 
matrix:—1 and +1 are 

<Inverse Matrix for Determinant T of Matrix:—1> 

Inverse matrices (4a) and (4b) reveal that the transform 
matrix and inverse transform matrix have an interesting rela 
tionship. That is, for the determinant T of matrix:—1, trans 
form matrix (1) and inverse transform matrix (4a) completely 
match each other. For the determinant T of matrix:+1 , inverse 
transform matrix (4b) is obtained by reversing the signs of the 
weighting coef?cients a0, a1, a2, and a3 or the weighting 
coef?cients b0, b1, b2, and b3 in the transform matrix (1). 
The present invention ensures reversibility in transforming 

integer data into integer data by using the similarity between 
a transform matrix (forward transform matrix) and an inverse 
transform matrix. 
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Attention is paid to data transform processing shown in 
FIG. 2 in Which a transform and inverse transform are sequen 
tially processed for the determinant T of matrix:—l to trans 
form and then inversely transform input data, thereby decod 
ing original input data. In FIG. 2, the forWard transform side 
and inverse transform side have the same arrangement. For 
descriptive convenience, “f” is su?ixed to the reference 
numerals of the ?rst and second calculation units on the 
forWard transform side, and “r” is suf?xed to those of the ?rst 
and second calculation units on the inverse transform side. 
Reference numerals 141 to 144 denote output terminals on 
the inverse transform side. 

The result of forWard transform in this data transform 
processing is generally fractional data and is basically not an 
integer. As Will be described later, the calculation result of a 
?rst calculation unit 111f on the forWard transform side and 
that of a ?rst calculation unit 111r on the inverse transform 
side have the same absolute value With opposite signs. Based 
on this relationship, reversibility by the data transforming 
apparatus can be explained. 
On the forWard transform side, a second calculation unit 

112f multiplies the calculation result of the ?rst calculation 
unit 111f by the second Weighting coef?cient, and adds the 
product to each input data. On the inverse transform side, a 
second calculation unit 112r multiplies, by the same second 
Weighting coef?cient, the calculation result of the ?rst calcu 
lation unit 111r having a sign opposite to that of the ?rst 
calculation unit 111], and adds the product to inversely trans 
formed input data. Consequently, data added on the forWard 
transform side and that added on the inverse transform side 
cancel each other, leaving only input data. 

In general, the result of forward transform is fractional 
data. Reversibility can be obtained if “added data in transform 
and added data in inverse transform can cancel each other” in 
the above-described Way, even When fractional data is 
rounded into integer data. For this purpose, the relationship in 
Which the calculation result of the ?rst calculation unit 111f 
on the forWard transform side and that of the ?rst calculation 
unit 111r on the inverse transform side have opposite signs 
needs to be analyZed in more detail. 

In the data transform processing shoWn in FIG. 2, a trans 
mission coef?cient from the output of the ?rst calculation unit 
111f on the forWard transform side to that of the ?rst calcu 
lation unit 111r on the inverse transform side is —2 from the 
relation “a0 *b0+a1 *b1 +a2 *b2+a3 *b3I-2”. 

It means that a calculation result E of the ?rst calculation 
unit 111f on the forWard transform side is contained in the 
calculation result of the ?rst calculation unit 111r on the 
inverse transform side as a transmission signal of —2E based 
on the transmission coef?cient. In addition to the transmis 
sion signal of —2E, the calculation result of the ?rst calcula 
tion unit 111r on the inverse transform side contains the 
calculation result of the ?rst calculation unit 111r on the 
inverse transform side for input data on the forWard transform 
side. A signal corresponding to this calculation result is E, 
similar to the calculation result of the ?rst calculation unit 
111f on the forWard transform side. 
The calculation result of the ?rst calculation unit 111r on 

the inverse transform side ?nally becomes —2E+E:—E. From 
this, the calculation result of the ?rst calculation unit 111r on 
the inverse transform side is opposite in sign to the calculation 
result E of the ?rst calculation unit 111f on the forWard 
transform side. 

To maintain reversibility in the integer transform, the trans 
mission coe?icient “—2” needs to be held even after convert 
ing fractional data into an integer. As a processing method 
concerning round processing for this purpose, the folloWing 

20 

25 

30 

35 

40 

45 

50 

55 

65 

6 
three methods are conceivable. Before a description of the 
embodiments, these three methods Will be explained at once 
to clarify the difference betWeen them. 
As the ?rst calculation method, all Weighting coef?cients 

at Which fractional data are generated are collected to the ?rst 
calculation unit. A rounding unit at the ?nal stage of the ?rst 
calculation unit rounds fractional data into an integer value, 
Which serves as the calculation result of the ?rst calculation 
unit. The second calculation unit multiplies the integer value 
by a limited second Weight and adds the product to input data. 
The arrangement of the ?rst calculation unit having the 
rounding unit is shoWn in FIG. 3, Which shoWs the ?rst 
embodiment to be described later. 
By performing transform processing and inverse transform 

processing according to this calculation method, no round 
processing need be done till input to the rounding unit of the 
?rst calculation unit on the inverse transform side after output 
from the ?rst calculation unit on the transform side. As long as 
the condition “a0*b0+a1*b1+a2*b2+a3*b3:—2” is met, a 
transmission value Whose signal source is the output of the 
?rst calculation unit on the transform side becomes —2E pre 
cisely and reaches the rounding unit of the ?rst calculation 
unit on the inverse transform side. 
The transmission value “—2E” is truly an integer value, 

does not contain fractional data, and thus does not undergo 
round processing. The transmission coef?cient accurately 
keeps “—2”, maintaining reversibility. 
The second method is a rounding method When the second 

Weighting coe?icient is a non-integer value. The arrangement 
of the second calculation unit having the rounding unit is 
shoWn in FIG. 4, Which shoWs the second embodiment to be 
described later. A fractional value generated by multiplication 
of the second Weighting coef?cient is rounded doWn. The 
rounded-doWn value is superposed on another signal to trans 
mit the resultant signal. To the contrary, When the fractional 
value is rounded up, the rounded-up component is subtracted 
from another signal to transmit the resultant signal. 
When superposing a rounded-doWn or -up component on 

another signal to transmit the resultant signal, the value to be 
superposed needs to be adjusted so that a desired transmission 
value is ?nally obtained in consideration of the ?rst Weighting 
coe?icient for the signal. An example of this method Will be 
explained in the third embodiment to be described later. In 
this manner, the second method obtains the transmission 
coe?icient “—2” accurately. 
The third method as Well as the second one is a rounding 

method When the second Weighting coef?cient is a non-inte 
ger value. The second method assigns different round pro 
cesses to paired data. In contrast, the third processing method 
expands the processing to three or more data. In this process 
ing, every time the fractional value of the calculation result of 
the ?rst calculation unit increases by l/n, one of n signals is 
incremented by one to transmit the signals every increment of 
l/n. 
Assume that the three second Weighting coef?cients b0, b1, 

and b2 are 1/3. After signals are multiplied by the Weighting 
coe?icients, the fractional part of one signal is simply 
rounded doWn to an integer, that of another signal is rounded 
doWn to an integer after the addition of 1/3, and that of the 
remaining signal is rounded doWn to an integer after the 
addition of 2/3. Accordingly, the three signals can be transmit 
ted in units of 1/3. 

Also assume that the tWo second Weighting coef?cients b0 
and b1 are 1/2. After signals are multiplied by the Weighting 
coe?icients, the fractional part of one signal is rounded doWn 
into an integer, and that of the other signal is rounded up into 
an integer. The signals can therefore be transmitted using the 
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unit of 1/2. By transmitting the unit of l/n using n signals, the 
transmission coef?cient “—2” is maintained. 

Detailed adjustment of round processing to obtain the 
transmission coef?cient “—2” changes depending on the value 
of the Weighting coef?cient and introduction of approximate 
calculation. It is impossible to describe all situations in this 
speci?cation. However, general ideas can be roughly classi 
?ed into these three methods. 

Embodiments according to the present invention Will be 
described beloW. 

First Embodiment 

FIGS. 3 and 4 shoW the arrangement of a data transforming 
apparatus (data transforming circuit) in the ?rst embodiment 
of the present invention. When round processing to obtain an 
integer is ignored, the transform matrix of either transform is 
given by 

1 1 1 1 1 -1 -1 -1 

-55-5-51-11_1_1 
1 1 1 1 :5 -1 -1 1 -1 

3 3 5 3 -1 -1 -1 1 
1 1 1 1 

The physical meaning of this transform is to subtract the DC 
components of four input data from the respective input data. 

In terms of compression coding, this transform is not so 
important, but is the simplest transform suited to explaining 
reversibility in the present invention and thus is exempli?ed in 
the present invention. 

There are many combinations of the ?rst and second 
Weighting coef?cients for one transform matrix, and several 
types of implementations exist in accordance With them. TWo 
typical arrangements Will be described. FIG. 3 shoWs an 
arrangement When all ?rst Weighting coef?cients a0, a1, a2, 
and a3 are set to “—1/2” and all second Weighting coef?cients 
b0, b1, b2, and b3 are set to an integervalue “1”.FIG.4 shoWs 
an arrangement When all the ?rst Weighting coef?cients a0, 
a1, a2, and a3 are set to an integer value “—I” and all the 
second Weighting coef?cients b0, b1, b2, and b3 are set to 
“1/2”. 

Reversibility in FIG. 3 can be explained by the ?rst one of 
the three methods mentioned above, and that in FIG. 4 can be 
explained by the third one. 

In both FIGS. 3 and 4, four input data Will be referred to as 
the ?rst, second, third, and fourth input data sequentially from 
the top, and data during calculation Will be referred to as the 
?rst, second, third, and fourth data. This also applies to a 
description of the remaining embodiments. 

These tWo transforms are completely the same except for 
round processing to obtain an integer, but exhibit slightly 
different transform results because signals to undergo this 
processing are different. 

The arrangement of FIG. 3 calculates F:a0*D0+a1*D1+ 
a2*D2+a3 *D3:(—D0—D1—D2—D3)/2, so l-bit fractional 
data may be generated in a calculation result F. A rounding 
unit 113 rounds fractional data into an integer round(F), 
Which serves as an output E from a ?rst calculation unit 111. 
The rounding method is either round-doWn or round-up as 
long as it is identical to that in the inverse transforming 
device. 
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8 
The rounded result, i.e., the calculation result E by the ?rst 

calculation unit 111 is multiplied by the second Weighting 
coef?cients b0, b1, b2, and b3, and the sums are added to the 
corresponding inputs, respectively, outputting Di':Di+E 
(iIO, l, 2, 3) as transform results. 
The same processing as the transform processing is done in 

inverse transform. The ?rst calculation result of inverse trans 
form: 

round(F) —2E: E-2E: —E 

In this arrangement, the transmission coef?cient from the 
output of the ?rst calculation unit 111 of the transforming 
device to that of the second calculation unit of the inverse 
transforming device is l><4><(—1/2):—2. As a result, the ?rst 
calculation unit of the inverse transforming device outputs 
—E, as described above. 
The inverse transforming device adds —E obtained by mul 

tiplying —E by the second Weighting coef?cient “l” to input 
data D0', D1', D2‘, and D3' of the inverse transforming device, 
thereby decoding the original data D0, D1, D2, and D3. 
The transform contents in FIG. 4 When the ?rst Weighting 

coef?cients a0, a1, a2, and a3 are “—l” and the second Weight 
ing coef?cients b0 b1, b2, and b3 are “1/2” Will be explained 
brie?y. 

In the arrangement of FIG. 4, a second calculation unit 112 
multiplies the input data by the second Weighting coef?cient 
“1/2” and thus needs to perform round processing for each data 
multiplied by the second Weighting coef?cient. As a signi? 
cant feature of FIG. 4, there are four rounding units. 

Whether or not to be able to maintain reversibility depends 
on the four round processes. To maintain reversibility, pro 
cessing equivalent to the arrangement of FIG. 3 in Which the 
transmission coef?cient is “—2” is performed or the transmis 
sion coef?cient needs to be adjusted precisely to “—2”. 
The processing equivalent to the arrangement of FIG. 3 is 

to perform the same processing in the four round processes. 
That is, round-up or -doWn is uniformly done in all the four 
round processes. This is also an arrangement condition When 
round processing in the ?rst calculation unit 111 in FIG. 3 
move to the second calculation unit 112 upon an equivalent 
modi?cation. 
The other method of maintaining reversibility is to adjust 

the transmission coef?cient accurately to “—2”. This can be 
achieved by executing round-up in tWo of the four round 
processes and round-doWn in the remaining tWo. 

Multiplication of the Weighting coef?cient “1/2” may gen 
erate l-bit fractional data. If the fractional data cannot be 
accurately transmitted oWing to round processing, the trans 
mission coef?cient changes from “—2”. In other Words, if the 
1 -bit fractional value can be transmitted through a plurality of 
signals, the total transmission coef?cient can be set to “—2”. 
To do this, one of paired signals undergoes round-doWn 

and the other undergoes round-up. In this fashion, either of 
tWo signals transmits “l” at once, instead of transmitting 
“0.5” by each of the tWo signals. The l-bit fractional value can 
be apparently transmitted Well. 

These contents Will be summarized. To implement a loss 
less transform in the arrangement of FIG. 4, round-up is done 
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in an even number of round processes out of four round 
processes, and round-doWn is performed in the remaining 
even number of round processes. In other Words, a lossless 
transform can be performed by half of all 16 combinations, 
i.e., eight combinations of the four round processes. 

Even for a relatively simple transform, there are many 
variations of round processes capable of a lossless transform. 
A complicated transform requires complex round processes 
capable of a lossless transform. Even in this case, the basic 
concept is to set the transmission coe?icient “—2” and modify 
processing to be equivalent to it, thereby maintaining revers 
ibility. 
As is apparent from FIGS. 2 and 3 and the above descrip 

tion, an inverse transform for decoding original data from the 
lossless transformation data in the present invention is basi 
cally the same as transform processing. 

Especially When the ?rst calculation unit performs round 
processing, transform processing and inverse transform pro 
cessing are completely the same, including round processing. 
Even When the second calculation unit executes round pro 
cessing, if the round processing can be replaced With that in 
the ?rst calculation unit, inverse transform can be done by the 
same processing as that of transform, including the round 
processing in the second calculation unit. 

In another case, if the second calculation unit performs 
round processing, the round processing is executed based on 
the same concept as that of an inverse transform in conven 
tional lifting calculation. More speci?cally, the same value as 
that added in lifting calculation in transform is generated even 
in inverse transform and subtracted, thereby decoding origi 
nal data. 

First, an output —E from the ?rst calculation unit in inverse 
transform is multiplied by —l to be equal to the output E from 
the ?rst calculation unit in transform. Then, the resultant 
value is multiplied by the second Weighting coe?icient. The 
same processing as round processing by the second calcula 
tion unit in transform is applied to round processing by the 
second calculation unit in inverse transform, generating the 
same value as that in transform and subtracting the generated 
value. 

FIGS. 5A and 5B shoW examples of transformed data in the 
arrangement examples of FIGS. 3 and 4. Pay attention to 
reversibility in these examples. 

Application Example of First Embodiment 

FIG. 6 shoWs the arrangement of an apparatus in an appli 
cation example of the ?rst embodiment. 

The example directly utiliZes the arrangement of the ?rst 
embodiment and adds slight processes at the input and output 
stages of this arrangement, implementing a lossless Had 
amard transform Which is a most basic transform in images 
data compression coding. 

In FIG. 6, a ?rst sign inverter is added to the arrangement of 
FIG. 3 to invert the sign of the ?rst input data. Also, a second 
sign inverter is added to invert the sign again When outputting 
transformed data of the ?rst input data. By executing a trans 
form With this arrangement, a fourth-order lossless Had 
amard transform can be done. 

The operations of the ?rst and second sign inverters are 
represented by matrices. In each matrix, the sign of an ele 
ment on the ?rst roW and ?rst column of identity matrix is 
inverted into —I. The ?rst sign inverter acts on input data, and 
the second sign inverter acts on a transformed output data. 
Hence, the result of multiplying the left- and right-hand sides 
of transform matrix (5) by the sign-inverting matrix is a 
fourth-order Hadamard transform matrix: 
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-10001-1-1-1-1000 (6) 

01001-11-1-10100 
00105-1-11-10010: 
0001 -1-1-110001 

1111 

111-1-1 
51-11-1 

1 

The arrangement shoWn in FIG. 6 provides this matrix. 
Needless to say, a lossless Hadamard transform can also be 

achieved by even an arrangement in Which the ?rst and sec 
ond sign inverters are added at the preceding and subsequent 
stages of the transforming apparatus shoWn in FIG. 4. 

Second Embodiment 

FIG. 7 shoWs the arrangement of a data transforming appa 
ratus in the second embodiment of the present invention. The 
transform matrix of this arrangement is the same as the matrix 
on the right-hand side of matrix (6) in the application 
example. In the second embodiment, a ?rst calculation unit 
301 and second calculation unit 302 respectively absorb and 
integrate tWo sign inverters arranged at the input and output 
stages in the application example. 

First Weighting coef?cients a0, a1, a2, and a3 are 1/2, —1/2, 
—1/2, and —1/2, respectively. Second Weighting coef?cients b0, 
b1, b2, and b3 are —l, l, l, and 1, respectively. At this time, 
a0*b0+a1*b1+a2*b2+a3*b3I-2. 

In the arrangement of FIG. 7, sign inverters exist on a data 
path 115 in Which the signs of the ?rst and second Weighting 
coef?cients for the ?rst input data are inverted and no Weight 
ing coe?icient is multiplied. HoWever, the sign inverter on the 
input side and that on the output side cancel each other as if no 
sign inverter existed on the data path, resulting in the arrange 
ment shoWn in FIG. 7. 
When processing by a rounding unit 113 in the ?rst calcu 

lation unit 301 according to the second embodiment is 
“round-down”, the calculation result E of the ?rst calculation 
unit 301 is 

E : round((DO — Dl — D2 — D3)/2) 

(Where x>>l is a shift of x to the right by one bit.) 
By using the calculation result E, a transform output is 

calculated by 

A lossless Hadamard transform can be performed by vari 
ous calculation methods. The above calculation method can 
execute a calculation at high speed under control of both 
softWare and hardWare, and makes the best use of features of 
the present invention. 

Conventionally, a lossless Hadamard transform could be 
calculated quickly by only either softWare or hardWare. HoW 
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ever, the calculation method based on the present invention 
can perform a high-speed calculation by both software and 
hardware processes. The software and hardware processes 
can employ the same calculation method. 

If round processing to obtain an integer is not performed, a 
fourth-order Hadamard transform by real-number calculation 
is done. Even the real-number Hadamard transform can also 
be calculated quickly. 
When the above-mentioned sign inversion is executed 

based on the arrangement of FIG. 4 in the above-described 
?rst embodiment, the ?rst weighting coef?cients a0, a1, a2, 
and a3 become 1, — l, — l, and —l, respectively, and the second 
weighting coef?cients b0, b1, b2, and b3 become —1/2, 1/2, 1/2, 
and 1/2, respectively. Then, the second calculation unit per 
forms round processing, similar to FIG. 4. FIG. 8 shows an 
arrangement in this case. 
When round processing by the ?rst calculation unit in the 

arrangement of FIG. 7 is “round-down”, round processing by 
the second calculation unit in FIG. 8 equivalent to that round 
processing is “round-up” for only the ?rst data and “round 
down” for the second to fourth data. 

This is because only the sign of the ?rst data sequence in 
the round processing result of the ?rst calculation unit is 
inversed in matrix (6). 

Also, when round processing by the ?rst calculation unit is 
“round-up”, round processing by the second calculation unit 
in FIG. 8 equivalent to that round processing is “round-down” 
for only the ?rst data and “round-up” for the second to fourth 
data. Round processes when inversely transforming data 
transformed by these round processes suf?ce to be the same 
as those in transform. 

Similar to the ?rst embodiment, there are many kinds of 
round processes capable of a lossless transform which are not 
equivalent to those in FIG. 7. 

Data paired with the ?rst data undergoes the same round 
processing as that of the ?rst data, and the two remaining data 
undergo opposite round processes each other, thereby setting 
the transmission coef?cient “—2”. Under this condition, there 
are six types of round processes. An inverse transform for 
these round processes is performed as follows, similar to the 
?rst embodiment. 
An output —E from the ?rst calculation unit in inverse 

transform is multiplied by —l to make its sign coincide with 
that of the output E from the ?rst calculation unit in transform, 
thereby obtaining the same value. After the resultant value is 
multiplied by the second weighting coef?cient, the same 
value as that in transform is reproduced by applying the same 
processing as round processing by the second calculation unit 
in transform. In transform, this value is added to input data to 
obtain transformed data. In inverse transform, therefore, the 
original input data can be reconstructed by subtracting this 
value. 

Third Embodiment 

FIGS. 9 and 10 show the arrangements of a data transform 
ing apparatus in the third embodiment of the present inven 
tion. 

The arrangements shown in FIGS. 9 and 10 can perform a 
fourth-order lossless Hadamard transform for weighted input 
data. 

Before a description of the third embodiment, weighted 
data will be explained brie?y. 

Weighted data are generated in various situations. For 
example, in a lossless transform in image coding directed to 
the present invention, weighted transformed data is generated 
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12 
as a result of a lossless rotational transform by a smaller 
number of lifting calculations. 
As the simplest example, FIG. 12 shows an arrangement 

which achieves a 45° rotation by two lifting calculations. It is 
known that three lifting calculations are required to imple 
ment a normal rotational transform which generate 
unweighted rotated data. If rotational transform is done by 
two lifting calculations, data is transformed into weighted 
one. 

A weight generated by the transform of FIG. 12 is (COS 
45°, 1/cos 45°), i.e., (1N2, Vi). An adder 411 adds data Xi 
input from a terminal 401 to data Yi input from a terminal 402, 
outputting data Yo from a terminal 422. The data Yo has a 
wide range and is weighted with (V2). The data Yo is multi 
plied by 1/2, and a subtracter 412 subtracts the product from 
data on the lower side, outputting data Xo from a terminal 
421. The data Xo has a narrow range and is weighted with 

(1N2). 
If input data (1 0, 0) is rotated counterclockwise by 45°, the 

rotation result should be originally transformed into 
(5V2, 5V2). However, the arrangement of FIG. 12 transforms 
the input data into (10, 0+l0) by the ?rst lifting calculation 
and then into (10-10/2, l0):(5, 10) by the second lifting 
calculation, resulting in weighted data. 

It will readily occur that data is weighted with “2” or “1/2” 
upon repetitive weighting transform. 

In view of this, the third embodiment will describe two 
examples of an arrangement capable of performing the 
fourth-order lossless Hadamard transform for input data 
weighted with l, 2, 1/2, and 1, respectively. 

In the arrangement shown in FIG. 9, ?rst weighting coef 
?cients a0, a1, a2, and a3 are —1A1, 1/s, 1/2, and 1/4, respectively. 
Second weighting coef?cients b0, b1, b2, andb3 are 2, —4, — l, 
and —2, respectively. 

In the arrangement shown in FIG. 10, the ?rst weighting 
coef?cients a0, a1, a2, and a3 are —1/2, 1A, l, and 1/2, respec 
tively. The second weighting coef?cients b0, b1, b2, and b3 
are l, —2, —1/2, and —l, respectively. 

Both the arrangements satisfy the condition “a0*b0+ 
a1*b1+a2*b2+a3*b3:—2”. 

In the arrangement of FIG. 9, all the second weighting 
coef?cients are integers. A ?rst calculation unit 301 includes 
a rounding unit 303 and outputs integer values, so a second 
calculation unit 302 need not execute round processing (need 
not include a rounding unit). This arrangement has been 
described repetitively in the above embodiments and can 
achieve a lossless transform based on the same principle as 
the foregoing one. 

In the arrangement of FIG. 9, however, data once rounded 
into integers are used after doubled or quadrupled by the 
second calculation unit 302. Distortions superposed on data 
upon rounding are doubled or quadrupled as well, increasing 
the distortions upon rounding. 
The arrangement shown in FIG. 10 will suppresses distor 

tions caused by rounding. Data rounded into an integer by a 
?rst calculation unit 311 is multiplied by 2 at maximum, then 
used by a second calculation unit 312. 

Only one weight (—1/2) whose absolute value is smaller than 
1 exists among the second weighting coef?cients in the sec 
ond calculation unit 312. A rounding unit is necessary to 
round data multiplied by this coef?cient into an integer. For 
this reason, in the arrangement shown in FIG. 10, the ?rst and 
second calculation units 311 and 312 include rounding units 
313 and 314, respectively. 

Since the number of rounding units in the second calcula 
tion unit 312 is one, the method applied to the above-men 
tioned embodiments cannot set the transmission coef?cient 
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“—2”, failing in a lossless transform. The third embodiment 
therefore adopts the second method among the three rounding 
methods. 

To set the transmission coe?icient “—2” in the arrangement 
shoWn in FIG. 10, a fractional value rounded doWn by the 
rounding unit of the second calculation unit is superposed on 
another data. Alternatively, a fractional value rounded up by 
the rounding unit needs to be subtracted from another data. 
For descriptive convenience, a fractional value (1/2 or 0) is 
assumed to be rounded doWn in the round processing. 
A value to be superposed on another data is limited to an 

integer. To give the meaning of 1/2 to the integer, the ratio of 
?rst Weighting coef?cients in decoding needs to be 2:1 
betWeen rounded-doWn data and superposed data. 

In the arrangement of FIG. 10, the fourth data satis?es this 
relation With respect to the third data rounded doWn by round 
processing of the second calculation unit 312. Although not 
shoWn in FIG. 10, the rounded-doWn fractional value is 
doubled to be an integer, and the integer is added to the fourth 
data. 

This processing can attain the transmission coef?cient 
“—2”, enabling a lossless transform. FIGS. 11A and 11B shoW 
examples of the data transform in the third embodiment. 

Fourth Embodiment 

FIG. 13 shoWs the arrangement of a data transforming 
apparatus according to the fourth embodiment of the present 
invention. Although the above embodiments have explained 
only a fourth-order transform for four input data, the present 
invention is also applicable to transforms of other orders. The 
fourth embodiment Will exemplify a third-order orthogonal 
transform. 

In the arrangement shoWn in FIG. 13, all ?rst Weighting 
coef?cients a0, a1, and a2 in a ?rst calculation unit 511 are 2/3, 
and all second Weighting coef?cients b0, b1, and b2 in a 
second calculation unit 512 are —1. These Weighting coef? 
cients satisfy a0*b0+a1*b1+a2*b2:—2, i.e., the transmission 
coe?icient is “—2”. A transform implemented by these 
Weighting coef?cients can be given by 

(7) 

In this transform matrix, respective roWs are orthogonal to 
each other, and the square sum of elements on each roW is 1. 
Hence, this transform matrix is an orthonormal matrix. 

Since all the second Weighting coef?cients b0, b1, and b2 
are integers, round processing can be done in only the ?rst 
calculation unit 511. If division by 3 is possible, the transmis 
sion coe?icient can be easily set to “—2”. Software processing 
in a PC and the like can execute such division. 

In hardWare processing of Which high-speed processing is 
required, a divider hardly executes division by 3, and approxi 
mate calculation by multiplication is oftenperformed instead. 
In this case, a value approximate to 2/3 is multiplied. For 
example, 2/3 approximated to a 12-bit fractional value is rep 
resented by 1365/2048, and this value is multiplied. 

Generally speaking, approximate calculation produces a 
calculation error and generates fractional data even for a value 
divisible by 3. The calculation error produced by the approxi 
mate calculation is superposed on transformed output data 
after multiplied by the second Weighting coe?icient on the 
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14 
transform side, and propagates to the output of the ?rst cal 
culation unit 511 in inverse transform. 
Round processing by the ?rst calculation unit in inverse 

transform needs to be effective for only the result of multi 
plying only original input data components by the ?rst 
Weighting coef?cients and summating the products. HoW 
ever, the calculation error added by the approximate calcula 
tion makes it dif?cult to grasp the in?uence of round process 
ing. 

In this situation, the transmission coe?icient has a nonlin 
ear characteristic, is not a constant, and cannot be set to “—2” 
any more. A lossless transform is therefore achieved by main 
taining the calculation precision so that the ?rst calculation 
unit on the inverse transform side outputs —E With respect to 
the output E from the ?rst calculation unit 511 on the trans 
form side, in place of adjusting the transmission coef?cient 
itself to “—2”. 

For this purpose, the approximation precision of 2/3 may 
need more accuracy. When three input data in transform fall 
Within the range of 0 to 255 and 2/3 is approximated by 
1365/2048, an output from the ?rst calculation unit in inverse 
transform becomes —E and a lossless transform can be real 
iZed. It is easy to verify that the output from the calculation 
unit alWays becomes —E While the input data fall Within that 
range. Larger input data lead to a larger multiplication error. 
Thus, it suf?ces to con?rm that this output becomes —E When 
all the three input data take values near a maximum value of 
255 or smaller and their sums are 3n, 3n+1, and 3n+2. If the 
approximation precision lacks even by 1 bit, the input data 
take values near 255 and the output from the calculation unit 
changes from —E, losing reversibility. Reversibility When the 
transmission coef?cient is set to “—2” and that When the 
output from the calculation unit is set to —E are different in 
that the former is completely independent of the magnitude of 
input data, but the latter is guaranteed only When the magni 
tude of input data falls Within a predetermined range. 

Again, in the case of a value divisible by 3, the signal is 
transmitted for each 1/3 using three data paths according to the 
third method described before the ?rst embodiment. A 
method of slightly changing round processing after division 
by 3 is also available. 

Fifth Embodiment 

FIG. 14 shoWs an arrangement in Which four lifting calcu 
lations are combined as an arrangement in the ?fth embodi 
ment of the present invention. In FIG. 14, the arrangement of 
the ?fth embodiment for the transmission coef?cient:0 is 
arranged at the preceding stage, and four lifting calculations 
are done at the subsequent stage. This arrangement imple 
ments a lossless Hadamard transform. 

In FIG. 14, ?rst Weighting coef?cients a0, a1, a2, and a3 in 
a ?rst calculation unit 601 according to the ?fth embodiment 
are —1/2, 1/2, 1/2, and 1/2, respectively. Second Weighting coef 
?cients b0, b1, b2, and b3 in a second calculation unit 602 are 
—1, +1, —1, and —1, respectively. These Weighting coef?cients 
satisfy a0*b0+a1*b1+a2*b2+a3*b3:0, i.e., the transmission 
coef?cient:0. A transform implemented by these Weighting 
coef?cients can be given by 

(3) 
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FIG. 15 shows the arrangement of inverse transform pro 
cessing corresponding to the transform processing shoWn in 
FIG. 14. The above embodiments have described only a case 
in Which the transmission coef?cien :—2 and the ?rst and 
second Weighting coef?cients in inverse transform process 
ing are the same as those in transform processing. HoWever, 
for the transmission coef?cient:0, the Weighting coef?cients 
differ betWeen transform processing and inverse transform 
processing. The second Weighting coef?cients in inverse 
transform processing are opposite in sign to those in trans 
form processing. The remaining processing, e.g., the ?rst 
calculation unit in inverse transform processing is the same as 
that in transform processing. 

In the ?fth embodiment in Which the transmission coef? 
cient:0, an output from the ?rst calculation unit 601 in 
inverse transform processing is equal to that from the ?rst 
calculation unit 601 in forWard transform processing. From 
the relationship betWeen the second Weighting coef?cients in 
transform and inverse transform, values opposite in sign to 
values generated by multiplication of the second Weighting 
coef?cients in transform can be generated in inverse trans 
form. By adding the generated values to cancel values added 
in transform, the original data can be reconstructed. 

The meaning of the four lifting calculations in FIG. 14 Will 
be explained. In transform matrix (8), both the third and 
fourth roWs of the transform matrix are added to the second 
roW and subtracted from the ?rst roW, obtaining a Hadamard 
transform matrix on the right-hand side shoWn in matrix (6). 
This processing of adding the third and fourth roWs to the 
second roW and subtracting them from the ?rst roW is the 
lifting calculations in FIG. 14. 

It is dif?cult to achieve an effective transform by only the 
arrangement for the transmission coef?cient:0. HoWever, 
When combined With lifting calculations, even this arrange 
ment can implement an effective transform, like a fourth 
order lossless Hadamard transform. 

The above-described lossless transform processing (appa 
ratus) is applied to part of a DCT transform used in, e.g., 
JPEG coding. A lossless DCT transform can be calculated 
quickly, and DCT-based JPEG coding capable of seamlessly 
executing lossless compression and lossy compression can be 
performed at high speed. 

Especially, When the con?guration of lossless Hadamard 
Transform shoWn in FIG. 7 is implemented to a hardWare 
circuit, the siZe of the circuit illustrated in FIG. 7 can be 
smaller than that of other circuits shoWn in FIGS. 6, 8 and 14, 
thereby the circuit needs little electricity to Work. Accord 
ingly, it Will be understood that it is useful for a industrial 
product compressing data. 

Other Embodiments 

Aspects of the present invention can also be realiZed by a 
computer of a system or apparatus (or devices such as a CPU 
or MPU) that reads out and executes a program recorded on a 

memory device to perform the functions of the above-de 
scribed embodiment(s), and by a method, the steps of Which 
are performed by a computer of a system or apparatus by, for 
example, reading out and executing a program recorded on a 
memory device to perform the functions of the above-de 
scribed embodiment(s). For this purpose, the program is pro 
vided to the computer for example via a netWork or from a 
recording medium of various types serving as the memory 
device (e. g., computer-readable medium). 
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While the present invention has been described With refer 

ence to exemplary embodiments, it is to be understood that 
the invention is not limited to the disclosed exemplary 
embodiments. 

This application claims the bene?t of Japanese Patent 
Application No. 2008-331190, ?led Dec. 25, 2008, Which is 
hereby incorporated by reference herein in its entirety. 

What is claimed is: 
1. A data transforming apparatus including input terminals 

for inputting a plurality of input data and output terminals for 
outputting a plurality of transform results, the apparatus com 
prising: 

a ?rst calculation unit Which multiplies data input to the 
input terminals by ?rst Weighting coef?cients set for the 
respective input data and summates Weighted data; 

a second calculation unit Which multiplies calculation 
results obtained from said ?rst calculation unit by sec 
ond Weighting coef?cients set for the respective input 
data and adds products to the respective input data; and 

a rounding unit Which is arranged in at least one of said ?rst 
calculation unit and said second calculation unit that 
multiplies non-integer Weighting coe?icients, and 
rounds non-integer calculation results into integers, 

Wherein a sum of products of the ?rst Weighting coef? 
cients and the second Weighting coef?cients for respec 
tive input data takes either of 0 and —2, and Wherein said 
units are implemented at least in part by a computer. 

2. The apparatus according to claim 1, Wherein both data 
input to the input terminal and transformed data output from 
the output terminal are integer data. 

3. The apparatus according to claim 1, Wherein the input 
terminals input four data, 

the ?rst Weighting coef?cients consist of four coef?cients 
{1/2, —1/2, —1/2, —1/2}, 

the rounding unit is arranged in the ?rst calculation means, 
the rounding unit rounds a non-integer calculation result, 

obtained by multiplying four input data by the four coef 
?cients respectively and summating the multiplied data, 
into an integer, and output the integer as an output of the 
?rst calculation unit, 

the second coef?cients consist of four coe?icient {-1, l, l, 
1}, and 

the second calculation unit multiplies the integer from said 
?rst calculation unit by the second coef?cients respec 
tively, adds the products to the respective corresponding 
four input data and outputs the four data as integers of 
lossless Hadamard transformed results. 

4. A method of controlling a data transforming apparatus 
Which generates a plurality of transformed data from a plu 
rality of input data and outputs the transformed data, the 
method comprising: 

a ?rst calculation step of causing a ?rst calculation unit to 
multiply the input data by ?rst Weighting coef?cients set 
for the respective input data and summate Weighted data; 

a second calculation step of causing a second calculation 
unit to multiply calculation results obtained in the ?rst 
calculation step by second Weighting coef?cients set for 
the respective input data and add products to the respec 
tive input data; and 

a rounding step of causing a rounding unit to round non 
integer calculation results into integers in at least one of 
the ?rst calculation step and the second calculation step 
in Which non-integer Weighting coef?cients are multi 
plied, 
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wherein a sum of products of the ?rst Weighting coef?- 5. The method according to claim 4, Wherein both the input 
cients and the second Weighting coef?cients for respec- data and the transformed data are integer data, and Wherein 
tiVe input data takes either of 0 and —2,and said units are implemented at least in part by a computer. 

Wherein said steps are implemented at least in part by a 
computer. * * * * * 


